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Abstract
Dengue fever is a viral infection transmitted by the bite of female Aedes aegypti
mosquitoes. It is estimated that nearly 40% of the world’s population is now
at risk from Dengue in over 100 endemic countries including Malaysia. Several
studies in various countries in recent years have identified statistically significant
links between Dengue incidence and climatic factors. There has been relatively little
work on this issue in Malaysia, particularly on a national scale. This study attempts
to fill that gap. The primary research question is ‘to what extent can climate
variables be used to assist predictions of dengue fever incidence in Malaysia?’. The
study proposes a potential framework of modelling spatio-temporal variation in
dengue risk on a national scale in Malaysia using both climate and non-climate
information.
Early chapters set the scene by discussing Malaysia and Climate in Malaysia and
reviewing previous work on dengue fever and dengue fever in Malaysia. Subsequent
chapters focus on the analysis and modelling of annual dengue incidence rate (DIR)
for the twelve states of Peninsular Malaysia for the period 1991 to 2009 and monthly
DIR for the same states in the period 2001 to 2009.
Exploratory analyses are presented which suggest possible relationships between
annual and monthly DIR and climate and other factors. The variables that were
considered included annual trend, in year seasonal effects, population, population
density and lagged dengue incidence rate as well as climate factors such as average
rainfall and temperature, number of rainy days, ENSO and lagged values of these
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3climate variables. Findings include evidence of an increasing annual trend in DIR
in all states of Malaysia and a strong in-year seasonal cycle in DIR with possible
differences in this cycle in different geographical regions of Malaysia. High popula-
tion density is found to be positively related to monthly DIR as is the DIR in the
immediately preceding months. Relationships between monthly DIR and climate
variables are generally quite weak, nevertheless some relationships may be able to
be usefully incorporated into predictive models. These include average tempera-
ture and rainfall, number of rainy days and ENSO. However lagged values of these
variables need to be considered for up to 6 months in the case of ENSO and from
1-3 months in the case of other variables.
These exploratory findings are then more formally investigated using a framework
where dengue counts are modelled using a negative binomial generalised linear
model (GLM) with a population offset. This is subsequently extended to a nega-
tive binomial generalised additive model (GAM) which is able to deal more flexibly
with non-linear relationships between the response and certain of the explanatory
variables. The model successfully accounts for the large amount of overdispersion
found in the observed dengue counts. Results indicated that there are statisti-
cally significant relationships with both climate and non-climate covariates using
this modelling framework. More specifically, smooth functions of year and month
differentiated by geographical areas of the country are significant in the model to
allow for seasonality and annual trend. Other significant covariates included were
mean rainfall at lag zero month and lag 3 months, mean temperature at lag zero
month and lag 1 month, number of rainy days at lag zero month and lag 3 months,
sea surface temperature at lag 6 months, interaction between mean temperature at
lag 1 month and sea surface temperature at lag 6 months, dengue incidence rate
at lag 3 months and population density.
Three final competing models were selected as potential candidates upon which
an early warning system for dengue in Malaysia might be able to be developed.
The model fits for the whole data set were compared using simulation experiments
to allow for both parameter and negative binomial model uncertainty and a single
4model preferred from the three models was identified. The ‘out of sample’ predictive
performance of this model was then compared and contrasted for different lead
times by fitting the model to the first 7 years of the 9 years monthly data set
covering 2001-2009 and then analysing predictions for the subsequent 2 years for
lead time of 3, 6 12 and 24 months. Again simulation experiments were conducted
to allow for both parameter and model uncertainty. Results were mixed. There
does seem to be predictive potential for lead times of up to six months from the
model in areas outside of the highly urbanised South Western states of Kuala
Lumpur and Selangor and such a model may therefore possibly be useful as a basis
for developing early warning systems for those areas. However, none of the models
developed work well for Kuala Lumpur and Selangor where there are clearly more
complex localised influences involved which need further study.
This study is one of the first to look at potential climatic influences on dengue
incidence on a nationwide scale in Malaysia. It is also one of the few studies
worldwide to explore the use of generalised additive models in the spatio-temporal
modelling of dengue incidence. Although, the results of the study show a mixed
picture, hopefully the framework developed will be able to be used as a starting
point to investigate further if climate information can valuably be incorporated in
an early warning system for dengue in Malaysia.
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Chapter 1
Introduction
This chapter introduces the key motivations behind this study and the primary
research aims which are addressed. The focus of the study is on exploring the rela-
tionship between climatic variables and the incidence of dengue fever in Malaysia
and also the potential for using any such relationships to assist in providing early
warning forecasts of dengue epidemics. The chapter starts by outlining the grow-
ing need to better understand the risk factors associated with dengue fever, both
globally and, more specifically, in the context of Malaysia. It then goes on to spec-
ify research aims for the remainder of the thesis and concludes by setting out a
structure for the subsequent chapters of the study.
1.1 Motivation
Dengue fever (DF) is a viral infection characterised by sudden high fever, severe
headache, rash, muscle and joint pains. The virus is transmitted by the bite of
female Aedes aegypti mosquitoes and infection rates of dengue can be as high as 90%
among those who have not been previously exposed to the virus (Gubler, 1998).
Dengue hemorrhagic fever (DHF) and dengue shock syndrome (DSS) are more
serious (and potentially fatal) complications of the disease. Guzman and Kouri
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(2002) have reported that nearly 40% of the world’s population is now estimated to
be at risk from DF in over 100 endemic countries and 500,000 people are estimated
to be hospitalised every year with DHF.
The number of dengue cases in Malaysia continues to rise annually and DF is now
recognised as a significant public health problem in that country (Smith, 1957; Aziz
et al., 2012; Chew et al., 2012). Efforts to reduce the number of dengue cases is
now a high priority of various internal and external agencies in Malaysia, not least
the Malaysian Ministry of Health which has the main responsibility in addressing
the situation. Dengue fever was first reported in Malaysia by Skae (1902), followed
by dengue hemorrhagic fever and dengue shock syndrome epidemics in 1962 in
Penang, and dengue fever cases first became officially notifiable in 1971 (Rudnick
et al., 1965; Poovaneswari, 1993). Now in Malaysia it is the responsibility of all
medical practitioners to report every case of dengue fever to the nearest Local
Health Office within 24 hours from the time it was diagnosed (Narwani et al.,
2005). As the reporting systems have developed, and particularly since 1980, the
Malaysian Ministry of Health has recorded continual rising annual cases of dengue
to the extent that Ang et al. (2010) recently highlighted dengue fever as an urgent
major public health threat in the highly urbanised states of Selangor and Kuala
Lumpur.
In general, climate is known to have the potential to influence human health
through both direct and indirect mechanisms. The direct mechanisms include, for
example, episodes of heat or cold stress and extreme events (drought and flood),
while the indirect mechanisms include, for example, the impact of climate anomalies
on the risk of vector borne infectious diseases such as malaria and dengue through
changing environmental conditions for the vector (Connor et al., 2010). Accord-
ing to Gage et al. (2008), prediction of the relative impact of sustained climate
change for vector borne diseases is difficult and will require long-term studies that
need to look not only at the effects of climate change but also the contributions of
other agents of global change. That said, several studies worldwide have revealed
relationships between climatic variables and dengue fever and how these interact
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with other known risk factors such as socio-economic conditions. Such studies
have typically used statistical modelling methods of varying sophistication includ-
ing time-series analysis, multivariate regression, generalised linear models (GLM),
generalised linear mixed models (GLMM), generalised additive models (GAM) or
generalised additive mixed models (GAMM). Better understanding of how socio-
economic and climatic factors can affect the transmission of dengue fever may help
in developing early warning systems (EWS) for epidemics of dengue and so widen
the effectiveness of responsive measures (surveillance and prevention). Khun et al.
(2005) emphasised the importance of developing systems for early identification
for dengue epidemics to help health authorities in surveillance and prevention. To
be effective such EWS need to be able to target forecasts geographically within a
country into smaller areas such as districts, states or regions (Hu et al., 2012).
In Malaysia, the dengue incidence rate (DIR) in the country as a whole in recent
years has fluctuated from as low as 27.5 cases per 100,000 population in 1995
to the high level of 132.5 cases per 100,000 population in 2004 (Kumarasamy,
2006). Epidemics of dengue have occurred roughly every four years with major
outbreaks recorded in 1974, 1978, 1982 and 1990 (Lam, 1993b) and with a generally
similar pattern with increasing incidence since then. Significant work has been
introduced since the 1970s on prevention and control programmes to eliminate the
Aedes mosquitoes and larval breeding habitats and on public education and law
enforcement. However, there have been relatively few modelling studies on the
relationship between dengue and climatic and other risk factors in Malaysia as a
whole and even less work on the practical development of EWS. That background
provides the primary motivation for the work developed throughout the subsequent
chapters of this study.
One key challenge in pursuing that agenda is the availability of limited information
at the local geographical scale in Malaysia, for example models considered in Racloz
et al. (2012) were unable to sufficiently account for the spatio-temporal features of
the disease because of the limited geographical resolution of available covariates.
However, although there has been little work on dengue EWS in Malaysia, there
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has been more progress in the neighbour of Malaysia to the south. Dengue fever
in Singapore was first recognised as an important public health issue in the early
1960s and Aedes control programs have been in place since 1969. Forecasting mod-
els of dengue fever have also been developed in Singapore. Ma et al. (2008) carried
out a study to look at the association between socio-economic variables and dengue
incidence in Singapore for five years from 1998 to 2002 and identified significant as-
sociation between dengue cases and socio-economic or demographic variables, with
areas of higher proportion of disadvantaged residents having more dengue cases.
Another more recent study in Singapore used Poisson time series modelling includ-
ing climate factors such as rainfall and temperature up to 16 weeks or 4 months in
advance (Hii et al., 2012). Such studies could be the benchmark for encouraging
further research, such as that intended in this study, into the relationship between
dengue and climatic variables and other risk factors in Malaysia and the potential
for developing EWS for dengue based upon such relationships.
Having established that basic motivation, it is perhaps useful at this point to
provide more specific detail on some of the issues so far raised; firstly, in relation
to dengue on the world stage and, secondly, in the specific context of Malaysia.
As said previously, dengue fever is a vector borne viral infection transmitted by the
bite of female Aedes aegypti mosquitoes. The number of dengue cases has increased
dramatically around the world in recent years due to the absence of vaccines and
drugs (WHO, 2012b). The illness is caused by one of four strains of the dengue
virus (DENV-1 to DENV-4). All four strains leave multiple symptoms including
headache, rashes and increased body temperature. Infection and recovery from one
strain of the virus can lead to immunity from that particular strain and that issue
complicates the modelling of the disease because information on the serotype of
infections is rarely available on any wide scale.
Potential individual and ecological risk factors for the disease are varied including
both socio-economic and environmental conditions. On the socio-economic front
factors such as age, income, population density, sanitation, drainage and water sup-
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ply are potentially important. Amongst the environmental considerations, dengue
fever is strongly believed to be influenced by climate variability in temperature
and precipitation. One useful related measure is also what is commonly referred
to as the ‘El Nin˜o Southern Oscillation’ (ENSO) which refers to variations in sea
surface temperature (SST) of the tropical eastern Pacific Ocean and in air surface
pressure in the tropical western Pacific. ENSO, or equivalently the Oceanic Nin˜o
Index (ONI) has three different levels; El Nin˜o, Neutral and La Nin˜a. ONI is a
global set of anomalies, and is a useful tool to define patterns of climate change.
The most heavy and strong ENSO was reported to occur in the years 1997 to 1998.
This El Nin˜o was associated with disasters such as drought, flooding and forest
fires around the world (Mark, 2005). Understanding links between ENSO and in-
fectious diseases, particularly those transmitted by insects such as dengue, could
provide improved long range forecasting of an epidemic or epizootic (Anyamba
et al., 2006). The extent to which ENSO can be linked to epidemics of dengue is
still not clear, but there are strong recommendations that it could be investigated in
future epidemic forecasting for public health preparedness (Mathuros et al., 2009).
Studies associating ENSO and other climatic variables to dengue are reviewed in
detail in a later chapter of this study; however it is worth making some brief pre-
liminary reference to a selection of some of those here. Studies in Singapore close
to Malaysia have been referenced earlier. Farther afield, in Venezuela, Aura and
Alfonso (2010) found a significant association between high dengue incidence and
lower values of ONI, but lower dengue incidence with higher value of ONI. Mean-
while, in Puerto Rico, Jury (2008) and Earnest et al. (2012b) concluded that the
variability of dengue cases was positively related to temperature but weakly as-
sociated with local rainfall and ENSO. Hurtado-Diaz et al. (2007) reported every
degree increase in SST leading to a 46% increase in dengue cases in San Andre’s
Tuxtla and 42% in Veracruz for 16 and 20 weeks respectively. Adriana et al.
(2012) used Poisson and Negative Binomial GLMs to investigate the effect of sea-
sonal factors and the relationship of climatic variables to dengue counts in Rio de
Janeiro in Brazil. The results indicated significant relationships with the minimum
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temperature and precipitation at lag one month before, with a 1 ◦C increase in
a month’s minimum temperature leading to a 45% increased in dengue cases in
the following month and a 10-millimeter increase in precipitation leading to a 6%
increase in dengue in the following month. Other research in the South East of
Brazil (Lowe et al., 2013) used Negative Binomial generalised linear mixed models
(GLMM) to relate monthly dengue incidence to climate and non-climate covari-
ates. Their results provided probabilistic predictions of future epidemics of dengue
several months ahead and the general modelling framework used could apply to
other areas of Brazil and other climate sensitive diseases.
One issue which these studies perhaps emphasise is that whilst there is broad agree-
ment that climatic factors do influence variability in dengue incidence, there is no
clear consensus as to the degree of such effects or indeed, in some cases, their di-
rection. How climate contributes to increase or decrease the incidence of vector
borne diseases in human populations will depend on local climatic conditions and
local non-climatic epidemiologic and ecologic factors (Patz and Olson, 2006). In
other words, effects are geographically dependent upon the region of the world
in question and are confounded with other non-climatic influences in ways which
are possibly also geographically specific. It is clear therefore that one cannot nec-
essarily transfer results from elsewhere in the world directly into the Malaysian
context. Rather there is a requirement to explore from scratch climatic and other
relationships with dengue in the specific Malaysian context if progress is to be made
towards developing dengue EWS in Malaysia.
Turning briefly to that Malaysian context (a topic which is picked up in more detail
in a subsequent chapter), there are factors which have been suggested globally as
encouraging dengue spread which particularly pertain in that country, such as rapid
and relatively unorganised urbanisation and high rates of population growth. The
rise in global commerce and tourism, global warming and changes in public health
policy could be important factors too (Gubler, 1998). Developing economies such as
Malaysia are also often criticised for poor construction planning which then causes
floods or droughts through failure to consider climate information adequately.
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Studies to assess the level of knowledge, attitude and practices in relation to dengue
in Malaysia have been conducted in 2003 and 2006 by Hairi et al. (2003) and
Wan Rozita et al. (2006). In such studies the aims are to evaluate dengue control
through increasing the health promotion activities and exposure of communities
to educational campaigns. Results obtained were mixed but generally not very
encouraging. Meanwhile, Shekhar and Huat (1992) have highlighted major weak-
nesses of current epidemiological research on dengue in Malaysia which include the
inadequacy of data and lack of sound statistical methods. They considered avail-
able data used so far to be too restricted, collected using methods that are not
clearly described, and which lack scientific validity. The public health sector at the
international level has recognised geographic information systems (GIS)1 as a new
technology which has an ability to change the health of societies and contribute
to public health policy investigation, development and execution. The WHO has
reported that GIS are potentially valuable tools in data compilation and presenta-
tion especially for environmental data linked to health services. In Malaysia, this
has been explored in relation to dengue by Shaharudin et al. (2002) with results
showing no significant difference in the geographical distribution of dengue cases
between 1999 and 2000.
As regards the few studies more directly relevant to this study, Lam (1993b) be-
lieved that it is possible to predict the severity of a dengue epidemic by the strain
of the circulating serotype, but Chew et al. (2012) makes it clear that the situation
in Malaysia is complex – although his study showed the predominance of dengue
virus in the capital city of Malaysia (Kuala Lumpur) was DENV-4, it was also
the case that all four dengue serotypes were in circulation. Ibrahim et al. (2011)
used five years data of dengue (2007-2011) to simulate a dynamic system to predict
the spread of dengue outbreak in Hulu Langat, Selangor, Malaysia and the results
showed that mean temperature, total amount of rainfall and the total of dengue
cases in the previous period were highly significant in predicting the possibility of
a dengue outbreak.
1http://www.gis.com/
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In summary, there has been relatively little work on systematic modelling of dengue
in relation to climatic and other risk factors across the whole of Malaysia. Key ques-
tions remain to be investigated — to what extent can relationships be established,
to what extent are there regional differences in such influences and to what extent
does any of this have the potential to be incorporated into developing EWS for
dengue epidemics in Malaysia? This is the background motivation for the work
described in the remainder of this study and in the next section this is laid out in
the form of more specific research aims.
1.2 Research Aims
Dengue incidence has been found to be statistically significantly linked to climatic
factors, such as ENSO, temperature and precipitation in various studies worldwide.
However, there has been only a limited amount of such work (both in the variables
considered and in geographical coverage) in the particular context of Malaysia.
The primary research question to be considered in this study is therefore ‘to what
extent can climate forecasts be used to assist in making predictions of dengue fever
incidence in Malaysia?’.
It is clear that to do this, the study will need to consider as much meteorological
data as is readily available in Malaysia as potential multiple covariates, such as
rainfall, temperature, humidity, number of days with rain, sea surface temperature
etc. and appropriate time lagged values of these variables. It will also need to allow
for non-climate factors such as population size and population density. To allow
for the dynamic epidemic behaviour temporally lagged values of reported dengue
incidence rates may need to be included. All of this will need to be considered at an
appropriately practical spatial and temporal resolution - e.g. district or state levels
and annual versus monthly. Previous studies (Racloz et al., 2012) have reported
the use of various level of spatial scale such as community, district, municipality or
city either at daily, monthly or annual collation times and how these may help in
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producing better and significant results. The intended study will also need to adopt
appropriate, contemporary statistical modelling frameworks based, for example, on
generalised linear models (GLM) or generalised additive models (GAM) for count
data on dengue cases. The data used in the study should be as comprehensive
as possible so as to accord with the aims expressed above. Depending upon the
results obtained in the study, then the most viable predictive models need to be
selected and validated both on training and out-of-sample data. The implications
of all of this is that if models with predictive validity for dengue in Malaysia can be
established based upon the data considered then results of this work can hopefully
guide decision makers in Malaysia at both national and local level in a better
understanding of factors significantly contributing to dengue across Malaysia, the
extent to which they may or may not be predicted and to develop appropriate
public health response strategies.
Narrowing that agenda to specifics and taking into account practical data limi-
tations (as will be discussed in subsequent chapters), the following are the key
associated questions intended to be addressed in this study:
• Based upon reasonably extensive data, are there significant relationships be-
tween local and global climate variables and the extent of dengue incidence
for the 12 states in Malaysia. What are these relationships, what temporal
lags are involved? To what extent are these effects state specific or common
to Malaysia as a whole? Are any such relationships changing over time or
space in Malaysia?
• How are these effects confounded by non-climatic factors - e.g. basic season-
ality in the disease incidence, demographic factors etc.?
• How can any significant relationships established in response to both of the
above bullet points be built into developing a practical realisable spatial-
temporal model to predict dengue incidence for future dengue incidence in
Malaysia and on what spatial and temporal resolution?
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• What is the predictive validity of any such model? What are the degrees of
uncertainty involved? Are these of any use in terms of targetting preventative
measures and public health response?
• Depending on the results of the above, what are the issues that relate to im-
proving the predictive validity of such models in Malaysia if that is possible?
1.3 Summary
This chapter has outlined the background and the motivation for the research
considered in the subsequent chapters of this study. Accordingly, the layout of
subsequent chapters is as follows. The next, Chapter 2, provides important infor-
mation about Malaysia and its profile in terms of geography, demography, poverty
and health and also about the climate system of that country and the sources of
climate data considered for use in this study. Chapter 3 then focusses on dengue
fever and its transmission both worldwide and in Malaysia, including further re-
view of studies relating to the relationship between climatic factors and other risk
factors relating to dengue and the sources of dengue data considered for use in
this study. Chapter 4 then outlines the exploratory data analysis, where each of
the monthly covariates available in Malaysia from the various data sources from
2001 to 2009 for twelve states in Malaysia were considered in relation to corre-
sponding dengue incidence. Chapter 5 then develops a model framework using the
most important covariates and lagged covariates informally identified in the previ-
ous chapter. This chapter attempts to identify and test, given the available data
sources and associated spatio-temporal resolution, the most appropriate probabil-
ity models for dengue counts in Malaysia, including selection of suitable climate
and other explanatory variables. Chapter 6 then focusses on the predictive power
of the possible models built in Chapter 5. In particular this chapter identifies
the discrepancies in predictive power of the Malaysia wide model within the more
urbanised states of Kuala Lumpur and Selangor. It analyses possible reasons for
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that and makes reference to the need to pursue more detailed data collection and
modelling at the more localised district level within these states. Finally, Chapter
7 summarises the conclusions, results, outputs and recommendations made from
the whole of this study.
Chapter 2
Malaysia and its climate
This chapter outlines key aspects of the geography, demography, socio-economic
and health profile of Malaysia which are relevant to subsequent chapters of this
study. The sources of cartographic and demographic data used in subsequent
chapters are also described. The chapter then goes on to discuss the climate of
Malaysia and explains the major seasonal variations in climate including the nature
of the monsoon cycle. The sources of climate data relevant to subsequent chapters
of this study are then described.
2.1 Introduction to Malaysia
Malaysia is a federal constitutional monarchy in Southeast Asia with a total land-
mass of 329,847 square kilometres, separated by the South China Sea into two
regions: Peninsular Malaysia (West) and East Malaysia. The country is situated
close to the equator between 1 ◦ to 7 ◦ north and 99 ◦ to 105 ◦ east, with Peninsular
Malaysia lying north of Singapore, south of Thailand and east of the Indonesian
Island of Sumatra, while East Malaysia is situated on the island of Borneo and
shares borders with Indonesia and Brunei (see Figure 2.11 which indicates the rela-
1http://www.globalsecurity.org/military/world/malaysia/maps.htm
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tive locations of Peninsular Malaysia (West) and East Malaysia and how Malaysia
shares land borders with Brunei, Indonesia and Thailand and maritime borders
with the Philippines, Singapore and Vietnam. The country is composed of high-
land, floodplain and coastal zones. In particular, the Titiwangsa mountain range
forms the backbone of Peninsular Malaysia, from southern Thailand running ap-
proximately south-southeast over a distance of 480 kilometres and separating the
eastern from the western part of that of Peninsular Malaysia. Surrounding these
central high regions are the coastal lowlands.
The country is administratively divided into thirteen states (Perlis, Penang, Kedah,
Perak, Selangor, Negeri Sembilan, Melaka, Johor, Pahang, Terengganu, Kelantan,
Sabah and Sarawak) and three federal territories (Kuala Lumpur, Labuan and Pu-
trajaya). This study will exclude Sabah and Sarawak and focus on the remaining
eleven states which comprise Peninsular Malaysia because dengue fever is of sig-
nificantly less concern in East Malaysia than in the west where the incidence rate
is much higher. Because of its unique urban characteristics, the territory of Kuala
Lumpur in Selangor will also be treated effectively as a ‘state’ on its own in sub-
sequent chapters separate from the rest of Selangor. Therefore, the eleven states
and the territory of Kuala Lumpur become a total of twelve ‘states’ (see Figure
2.2) considered in this study with the understanding that ‘Selangor’ in that context
refers to the area in Selangor state outside of the territory of Kuala Lumpur.
The history of the formation of current day Malaysia is somewhat complex. Origi-
nally there was a federal system comprising four of the current states of Peninsular
Malaysia, namely Pahang, Perak, Selangor and Negeri Sembilan. This system was
implemented by the British in 1895. In 1946, it was merged together with the Strait
Settlements first established in 1826 (Penang and Melaka) and with the non-malay
States comprising Johor, Terengganu, Kelantan, Kedah and Perlis to form an 11
states Malayan Union. This Malayan Union (current day Peninsular Malaysia)
was restructured as the Federation of Malaya in 1948 and achieved independence
as Malaysia on 31 August 1957. On 16 September 1963, Malaysia united with the
eastern region of Sabah, Sarawak and Singapore but in 1965 Singapore was re-
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Figure 2.1: Map of Peninsular Malaysia (left) and East Malaysia (right).
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moved from the federation so forming the 13 states Malaysia of today. The capital
city of Malaysia is Kuala Lumpur which is located in the center of Selangor state
in Peninsular Malaysia. The constitution of Malaysia declared Islam as the main
religion with protected freedom of religion to others. The heads of the Malaysian
government are the Prime Minister and the King (known as the Yang di-Pertuan
Agong) who is an elected monarch, being chosen by the hereditary rulers of the
Malay states every five years. Malaysia’s current Prime Minister is Najib Razak
and the King is Tuanku Alhaj Abdul Halim Mu’adzam Shah Ibni Almarhum Sultan
Badlishah.
2.1.1 Demographic, Socio-economic and Health Profile
The 2010 Population and Housing Census of Malaysia (known as Census 2010)
was the fifth decennial census to be conducted since the formation of Malaysia in
1963. The previous censuses were conducted in 1970, 1980, 1991 and 2000. Census
2010 revealed that the total population of Malaysia was 28.3 million, compared
with 23.3 million in 2000. The proportion of the population of Malaysia below
the age of 15 years decreased to 27.6% compared with 33.3% in 2000. In contrast,
the proportion of working age population (15 to 64 years) increased to 67.3% from
62.8%. The proportion of population aged 65 years and over also increased to 5.1%
as compared with 3.9% in 2000. Meanwhile, the median age increased from 23.6
years in 2000 to 26.2 years in 2010. The trend of these indicators is in line with the
global expected transition towards an aging population albeit in its early stages in
Malaysia. The state with the highest population growth rate for the period 2000-
2010 was Kuala Lumpur (17.8%), followed by Selangor (2.7%) and Melaka (2.6%).
Among the states which experienced lower growth rates were Terengganu (1.4%),
Perak (1.4%) and Perlis (1.2%).
The rapid development of Malaysia shows the proportion of urban population in-
creasing to 71.0% in 2010 compared with 62.0% in 2000. Apart from Kuala Lumpur
with a 100% urbanisation level, the other states with high level of urbanisation are
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Selangor and Penang with 91.4% and 90.8% respectively. States with lower levels
of urbanisation are Kelantan (42.4%), Pahang (50.5%) and Perlis (51.4%) (Wan
Abd Raof, 2010).
Malaysia as a whole is a multi-ethnic country. The total population was 28.3
million in 2010 — 91.8% Malaysian citizens and 8.2% non-citizens. Amongst the
citizens, the principal ethnic groups are Malay (Bumiputera), Chinese and Indian.
Other significant groups are the indigenous people of Sabah and Sarawak, includ-
ing Kadazan, Dusun, Bajau, Murut, Iban, Bidayuh and Melanau. In Peninsular
Malaysia, the conventional ethnic divisions of the population are Malay, Chinese,
Indian and Other. This ‘official’ classification was defined so as to reflect the popu-
lar conception of race. Malaysian citizens consist of the ethnic groups Bumiputera
(67.4%), Chinese (24.6%), Indians (7.3%) and Others (0.7%). Bumiputera have
experienced an increasing trend due to high fertility rates while Chinese and In-
dians have showed a decreasing trend due to low fertility rates (Wan Abd Raof,
2011).
Hirschman (1987) reports the meaning of a Malay as a person who was born locally,
habitually speaks Malay, follows Malay customs and professes Islam. Meanwhile,
the Chinese and Indian communities consist of descendants of immigrants from
China and the India subcontinent. Other is a open category for the small number
of Thais, Europeans and other people who do not fit into the three major cate-
gories. The Malaysian population has been a blend of varied cultures since early
times. About fifteen hundred years ago, Indians and Chinese entered as traders in
the Malay Kingdom. Their entry marked the arrival of gold and silks followed by
Hinduism and Buddhism. After a thousand years, principles of Islam also marked
their entry with Arab Traders in Melaka, followed with the arrival of Portuguese.
Although the Malaysia population encompasses several cultures, the old Malay cul-
ture is the most prominent, followed by Chinese and Indian influences (Abu Bakar,
1996).
The poverty line in Malaysia was defined in the 1970s after the Malaysian Gov-
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ernment brought an explicit poverty eradication principle into national policy. It
is based on assessments of the minimum consumption requirements of an average-
sized household for food, clothing, shelter and other non-food needs. Small differ-
ences exist in the definition of the poverty line between the three main regions of
Malaysia (Peninsular Malaysia, Sabah and Sarawak) in terms of mean household
size and cost of living but not for differences between rural and urban location.
These poverty lines were adjusted for inflation and changes in mean household
sizes from 1976 to 2004. However, this situation was revised again by the Malaysian
Economic Planning Unit (EPU) along with the United Nations Development Pro-
gramme (UNDP) and a new poverty line was defined based on each household and
averaged to each state and to rural or urban location together with cost of living,
household composition and size (Economy, 2010). A study by Muhamed and Haron
(2011) revealed the poverty eradication programmes have resulted in considerable
reduction of poverty, decreasing the income inequality alongside achieving rapid
economic growth especially in Johor. They reported that in Malaysia as a whole
the success of the poverty eradication programmes is evidenced by the sharp de-
cline in the incidence of poverty, which decreased from 52.4% in 1970 to 12.4% in
1992 and further decreased to 3.8% in 2009. Meanwhile, in Kelantan as one of the
states located in the North East of Peninsular Malaysia, the proportion of the poor
households in rural areas remains higher than that of urban poor. That said, a
greater portion of the urban households are vulnerable to poverty compared to the
rural households of that state (Siwar et al., 2013).
As in many countries, public health and associated health care services have high
priority at both local and national government levels in Malaysia. Within the
Malaysia Health Care System there are two sectors, public and private. The pub-
lic sector is divided into Federal Government and State-Local Government. The
Federal Government contains Ministry of Health, Armed Forces, Department of
Aborigines, Ministry of Home Affairs and Ministry of Education. While, for the
State-Local Government, there is Public Health and Prevention, Hospitals, Clinics,
Special Institutions, Maternal and Child Health, Nurse and Paramedic Education,
2.1. Introduction to Malaysia 35
Enforcement and Supervision and Licencing. Health care services consist of tax-
funded and government-run primary health care centres and hospitals, but there
are also fast-growing private services mainly located in physician clinics and hos-
pitals in urban areas. Meanwhile, public sector health services are administrated
by the Ministry of Health through its central, state and district offices.
In general terms, Malaysia shares similar major health risks with its neighbours
in the same region. Non-communicable diseases now account for most mortality
and morbidity but communicable diseases remain a significant concern (Jaafar
et al., 2013). According to the WHO (World Health Organisation) report on the
health profile of Malaysia2, the 10 highest causes of mortality in Malaysia in 2010
were as listed in Table 2.1, the top three being: coronary heart disease, stroke
and influenza/pneumonia. These top 10 causes accounted for 22.18% of the total
fatalities recorded.
Table 2.1: Malaysia top 10 causes of death.
Causes of Death Rate (Cases per 100,000) Rank (172 Countries)
Coronary Heart Disease 138.75 57
Stroke 75.81 114
Influenza and Pneumonia 65.08 68
Road Traffic Accidents 34.53 20
HIV/AIDS 23.15 57
Lung Disease 19.09 108
Diabetes Mellitus 18.99 128
Lung Cancers 17.93 74
Tuberculosis 17.82 76
Breast Cancer 15.83 100
The health risk from major infectious diseases in Malaysia, such as bacterial diar-
rhea, dengue fever and leptospirosis is classified as intermediate level. For example
in the WHO report mentioned above dengue is ranked 45th as a mortality cause.
2http://www.worldlifeexpectancy.com/country-health-profile/malaysia
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However, diseases listed in relation to mortality do not necessarily represent those
of most relevance in terms of morbidity and infectious diseases such as diarrhea
and dengue are very significant in the picture of the disease burden experienced by
the local population3.
2.1.2 Sources of Cartographic and Demographic data
This subsection describes the sources of the cartographic and demographic data
used in later chapters of this study.
Polygons of the twelve states (see Figure 2.2) together with their areas and the lat-
itude and longitude of their centroids (see Table 2.2) were identified from Malaysia
map shapefiles4. Recall that for the purposes of this study, only 12 of the 14 states
of Malaysia will be considered (i.e. those of Peninsular Malaysia and not including
Sabah and Sarawak). Also that the data used for the state of Selangor will exclude
the data for Kuala Lumpur which is treated as a separate state.
Figure 2.2: Map of the 12 states in the Peninsular of Malaysia.
3http://www.indexmundi.com/malaysia/major-infectious-diseases.html
4http://www.diva-gis.org/gdata
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The Department of Statistics Malaysia (DSM) is responsible for carrying out the
population and housing census once every 10 years, the last census being conducted
in 2010. The method used in this census is face to face interview and the informa-
tion collected includes the number of persons in households together with a wide
range of demographic, social and economic characteristics. For the purposes of this
study, estimated annual populations5 were used based on census 2000 and 2010 for
each state in the study area with numbers adjusted for under-enumeration, collated
from Department of Statistics Malaysia (see Table 2.2). Where monthly figures are
used these are obtained from simple linear interpolation from the relevant annual
estimates. Population density is taken as number of people in the state per unit
area of the state as defined by Hafiz et al. (2012).
Table 2.2: Distribution of area, latitude, longitude and population in Malaysia.
State Names Area (km2) Latitude Longitude Pop. 2000 Pop. 2010
Perlis 795 6.433 100.200 198,288 227,025
Kedah 9,425 6.116 100.366 1,571,077 1,890,098
Penang 1,031 5.416 100.333 1,231,209 1,520,143
Perak 21,005 4.583 101.083 1,973,368 2,258,428
Selangor 7,960 3.033 101.433 3,941,316 5,411,324
K.Lumpur 243 3.166 101.700 1,305,792 1,627,172
N.Sembilan 6,644 2.716 101.933 829,774 997,071
Melaka 1,652 2.200 102.250 605,239 788,706
Johor 18,987 1.466 103.750 2,584,997 3,233,434
Pahang 35,965 3.800 103.333 1,229,104 1,443,365
Terengganu 12,955 5.333 103.133 880,234 1,015,776
Kelantan 15,024 6.133 102.250 1,287,367 1,459,994
5http://www.statistics.gov.my/portal/index.php
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2.2 Climate in Malaysia
Climate and associated seasonality are important determinants in the incidence
of various diseases both worldwide and in Malaysia. Climate is a key variable in
managing the overall burden of health, especially for developing countries where
the ability to control climate-sensitive diseases is constrained. This situation will
affect most populations in the future and put the lives and well-being of billions
of humans at increased risk. To reduce it, the health sector needs to understand
and quantify the specific effects of climate variability and change both on the over-
all disease burden and on the opportunities and effectiveness in the public health
response. The aims are to ensure the future adaptation strategies and understand-
ing of the climate impact on the existing disease burden and current interventions.
This applies for air-borne diseases, such as asthma and other respiratory infections,
also for vector borne diseases such as dengue fever. The next effects of global cli-
mate change on such diseases are difficult to forecast. For example, an increase
in temperature may increase the formation of ground-level ozone, a pollutant with
well-established adverse effects on respiratory health, on the other hand an increase
in cold years with the absence of specific interventions, may encourage mosquito
population breeding and rising incidence of dengue, but at the same time an in-
crease in warm years with periods of drought will decrease the mosquito population
and reduce the incidence of dengue (Costello et al., 2009). Heat and heat waves
are also very likely to increase in severity and frequency with increasing global av-
erage temperatures (Tanggang et al., 2010). These conditions can be expected to
influence human health and well-being in proportion to the degree of heat stress.
Heat stress can cause mild cardiovascular problems to severe tissue damage and, in
extreme cases, death. These effects are concentrated among vulnerable groups of
people such as the elderly, the very young, the malnourished and those with pre-
existing respiratory and cardiovascular conditions. The impact of extreme heat on
the elderly takes on particular significance in light of the growing increase in the
elderly proportion of the population worldwide as we move towards 2050.
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It follows that climatic conditions imply health impacts — both direct and indirect.
In respect of dengue fever which is the particular focus of this study, simulation
model studies (e.g. Mary Ann, 2009) have considered total population and in-
teractions between climate variables and concluded that predicted climate change
will make the dengue problem more acute, especially if current control measures
concentrated on Aedes mosquito vectors prove to be ineffective. It is also possi-
ble that previous trends in incidence could reverse in certain locations. Dry spells
may favour transmission as they may disrupt normally running streams and leave
standing water during drought which could provide a suitable place for mosquito
breeding. Rowley and Graham (1968) have reported optimal temperature and
humidity levels for adult mosquito longevity and biting activity and went on to
determine the optimal temperature and relative humidity for tethered flight activ-
ity in female Aedes aegypti and the range for both factors for possible sustained
flight. In the future, hopefully the health sector will be able to adopt climate in-
formation as an effective tool in epidemic early warning systems for dengue. Then,
seasonal forecasts of temperature and rainfall, which are useful indicators of the
likely occurrence of dengue outbreaks, could be applied in the implementation of
a programme of heightened epidemic surveillance. Meanwhile, real-time tempera-
ture and rainfall estimates could be used to initiate selective interventions and to
support early detection of disease outbreaks.
All of the above implies it is important to understand the climate context in study-
ing a vector borne disease such as dengue in Malaysia and in developing any inter-
vention strategy and this is the topic of the subsequent sections of this chapter.
2.2.1 General Description of Climate
As said earlier, Malaysia is located near the equator and thus the climate is cate-
gorised as ‘tropical’. In summary, hot and humid throughout the year is the best
description of Malaysian weather with daytime temperature averaging 30◦C and
overall relative humidity level ranging between 70% and 90% (Wong et al., 2009).
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That said, the climates of Peninsular Malaysia and East Malaysia are somewhat dif-
ferent, with Peninsular Malaysia receiving weather predominantly from the main-
land while East Malaysia experiences maritime weather instead. There are two
monsoon seasons in Malaysia, firstly, the Southwest monsoon from late May to
September and secondly, the Northeast monsoon from November to March every
year. As the names suggest, the Southwest monsoon distributes more rainfall to
the west coast of Peninsular Malaysia, while the Northeast monsoon which comes
from the South China Sea and the North Pacific does the same on the east coast
of Peninsular Malaysia.
The mountain ranges throughout Malaysia also influence local climate separating
the weather into three zones: lowlands, highlands and coastal regions. Basically,
the coastal regions have a sunny climate, with temperatures ranging between 23◦C
and 32◦C, and rainfall ranging from 10 centimetres to 30 centimetres a month.
The average monthly temperature for lowlands areas ranges from 24.8◦C to 30.1◦C
while for highlands areas it ranges from 15.0◦C to 25.4◦C.
As said, climate in Malaysia is also characterised by two monsoon regimes. The
Northeast monsoon from November to March brings heavy rainfall, particularly to
the east coast states of Malaysia such as Kelantan, Terengganu, Pahang and Johor.
The Southwest monsoon, which is recorded from late May to September, normally
signifies relatively drier weather for the west coast states of Malaysia especially
Selangor, Perak and Kedah. However, with two major oceans surrounding — the
Pacific Ocean to the east and the Indian Ocean to the west — climate variability is
also influenced by conditions in both oceans (Tanggang and Bahari, 2002). Suhaila
et al. (2010a) has described the patterns and trends of five selected rainfall indices
in Peninsular Malaysia, based on daily rainfall data from 1975 to 2004. They
identified that the eastern areas of the Peninsular were strongly influenced by the
Northeast monsoon, while the Southwest monsoon had the greatest impact on the
western part of the Peninsular, particularly the Northwest.
The El Nin˜o Southern Oscillation (ENSO) is an oceanic-atmospheric phenomenon
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which is characterised by sustained fluctuations between unusually warm and cold
conditions in the tropical Pacific Ocean. As ENSO cycles, the path of the Pacific
Jet Stream and other global climate drivers change causing variation in local tem-
perature and precipitation worldwide. The warm condition is referred to as El Nin˜o
and the cold condition is referred to as La Nin˜a. Among the various definitions for
El Nin˜o, there are some common characteristics of El Nin˜o such as an anomalous
warming of surface water, a warm southward-flowing current off the coast to Peru
and a duration of 12-18 months. La Nin˜a could be characterised by having criteria
such as cooling of the surface water of the eastern and central Pacific Ocean, which
occurs somewhat less frequently than El Nin˜o events but causes generally opposite
disruptions to global weather patterns. It tends to happen when the Pacific trade
winds blow more strongly than usual, pushing the sun-warmed surface water fur-
ther west and increasing the upward movement of cold water in the eastern regions
(Glantz, 2001).
Sea surface temperatures (SST) in the Pacific Ocean are monitored in regions
identified as Nin˜o 1 to Nin˜o 4 as shown in Figure 2.3. Each of these regions
provides different information about El Nin˜o, La Nin˜a, Neutral and ENSO. SST
anomalies are defined as deviations for a specified region from the averaged climate
for 1961 to 1990 (refer to World Meteorological Organisation, WMO).
Indonesia, Malaysia and most of the Philippines, are amongst the first areas to ex-
perience ENSO-related impacts. For example, sea surface temperatures anomalies
in the equatorial east Pacific Ocean increased significantly during July to October
2006 indicating the typical development of El Nin˜o conditions. Positive Outgo-
ing Longwave Radiation (OLR) anomalies, indicative of severe drought conditions
were observed across all of Indonesia, Malaysia and most of the Philippines. This
dryness continued until the early part of 2007 (Anyamba et al., 2006). The El Nin˜o
effect was also strongly felt in Southeast Asia in 1997. The prolonged drought
contributed to the development of forest fires and this, coupled with the existing
wind pattern, caused widespread haze over the Southeast Asia region.
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